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Epitome 

(57) [Abstract] 

[Technical problem] In silicon single crystal raising equipment, in case a 
graphite crucible is loaded with a quartz crucible, it prevents the gas 
which exists in the gap of the outside of a quartz crucible and the 
graphite crucible inside being compressed, and accompanying to the 
blowdown and the gas by which graphite powder blows off at this time, 
soaring from the up clearance between these both crucibles, and 
polluting a perimeter. 

[Means for Solution] It has at least the quartz crucible which holds 
silicon melt, and a graphite crucible holding this quartz crucible, and 
silicon seed crystal is dipped in the silicon melt in a quartz crucible, and 
in the silicon wafer crystal-pulling equipment which pulls up a desired 
single crystal, in case said graphite crucible is loaded with a quartz 
crucible, penetration opening for missing the gas which exists in the 
opening field between both crucibles is prepared in at least one pars 
basilaris ossis occipitalis of a graphite crucible. 
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[Translation done.] 
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CLAIMS 
[Claim(s)] 

[Claim 1] Silicon-wafer crystal-pulling equipment with which penetration 
opening for missing the gas which exists in the opening field between 
both crucibles is characterized by to be prepared in at least one pars 
basilaris ossis occipitalis of said graphite crucible in the silicon-wafer 
crystal-pulling equipment which is equipped with the quartz crucible 
which holds silicon melt, and the graphite crucible holding this quartz 
crucible at least, dips silicon seed crystal in the silicon melt in a quartz 
crucible, and pulls up a desired single crystal in case it loads with a 
quartz crucible into said graphite crucible. 

[Claim 2] Silicon wafer crystal-pulling equipment with which the number 
of penetration openings prepared in said graphite crucible pars basilaris 
ossis occipitalis was indicated by claim 1 characterized by 1 thru/orten 
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pieces, and the diameter of those being 5mm or less. 
[Claim 3] Silicon wafer crystal-pulling equipment with which the number 
of said penetration openings was indicated by claim 2 characterized by 1 
thru/or ten pieces, and the diameter of those being 2 thru/or 5mm. 
[Claim 4] Silicon wafer crystal-pulling equipment indicated by either 
claim 1 to which said penetration opening is characterized by being 
arranged near the crucible bottom core of a graphite crucible thru/ or 
claim 3. 

[Claim 5] the internal side attachment wall of said graphite crucible — 
the upper part from the pars basilaris ossis occipitalis — turning — a 
length-like striation — preparing — ******** — the silicon wafer 
crystal-pulling equipment indicated by either claim 1 characterized by 
things thru/or claim 4. 

[Claim 6] Silicon wafer crystal-pulling equipment indicated by either 
claim 1 characterized by the aperture of said graphite crucible being 1 2 
inches or more thru/or claim 5. 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation 
may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the silicon wafer 
crystal-pulling equipment which equipped the detail with the large-sized 
crucible used suitable for silicon single crystal raising of the diameter 
size volume of macrostomia more about silicon wafer crystal-pulling 
equipment. 
[0002] 

[Description of the Prior Art] As the industrial approach of 
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manufacturing a semi-conductor single crystal, for example, a high- 
purity-silicon single crystal, polycrystalline silicon is conventionally 
thrown into the crucible made from a quartz held by the crucible made 
from a graphite, heating fusion of this polycrystalline silicon is carried 
out at a heater, it is made to solidify, pulling up gradually the seed 
crystal dipped in this silicon melt, and, generally the so-called Czochrlski 
method which manufactures a single crystal ingot is adopted. 
[0003] By this manufacture approach, for example, silicon wafer crystal- 
pulling equipment as shown in drawing 4 is used, and it is. Namely, the 
crucible 2 made from a quartz by which silicon wafer crystal-pulling 
equipment 1 was held by the crucible 3 made from a graphite, Crucible 2 
made from a quartz The heater 6 which carries out heating fusion of the 
thrown-in polycrystalline silicon, A pull-up means 9 to pull up to pull up 
gradually the seed crystal which dipped in the silicon melt which fused 
the outside of said heater 6 at the wrap heat insulator 7 and said heater 
6, It consists of a supply means (not shown) to supply inert gas 1 1 , such 
as argon gas, in equipment, and a revolution means 1 2 to rotate the 
crucible 3 and the crucible 2 made from a quartz made from said 
graphite. 

[0004] And the polycrystalline silicon of a high grade is put into the 
crucible 2 made from a quartz of silicon wafer crystal-pulling equipment 
1, the graphite crucible 3 for maintenance is further loaded with this 
quartz crucible 2, and heating fusion is carried out at the heater 6 of a 
graphite heating element. Although the melting point of silicon is close to 
the softening temperature of 1420 degrees C and a quartz at this time, 
since said quartz crucible 2 is held by the graphite crucible 3, the quartz 
crucible 2 does not cause deformation etc. Heating fusion of this 
polycrystalline silicon is usually performed in the ambient atmosphere of 
inert gas 1 1, such as argon gas, a seed crystal 10 is contacted on the 
melt front face after fusion, and a crystal is created. In addition, eight 
show the melt of silicon among drawin g 4 . In order to remove the 
rearrangement from the seed crystal section 10 on the occasion of this 
crystal pulling, it increases and a diameter is made into predetermined 
magnitude, after usually forming a part with a diameter of 5mm or less 
(necking). And after creating a crystal with the diameter of fixed, a 
diameter is gradually made small, and it separates from melt and is 
considering as the ingot. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in order to fuse 
polycrystalline silicon and to manufacture a single crystal ingot, in case 
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the polycrystalline silicon of a high grade is put into the crucible made 
from a quartz as mentioned above and the graphite crucible for 
maintenance is loaded with this quartz crucible, since the gap of the 
outside of a quartz crucible and the graphite crucible inside is small, the 
gas which exists between a quartz crucible and a graphite crucible is 
compressed at the time of loading, and blows off from few up clearances 
between these both crucibles. Since it accompanied to the gas by which 
the graphite powder adhering to the internal surface of a graphite 
crucible blows off at this time, it soared and it blew off from an up 
clearance inside equipment, the inconvenience of polluting the interior of 
equipment often arose, since this inconvenience can be managed with a 
small ingot when the wafer needed is a diameter of a header — a quartz 
crucible and a graphite crucible — small — that graphite powder — 
soaring — it was not so big a problem. However, with diameter[ of 
macrostomia ]-izing of a wafer, the effect actualizes as a quartz crucible 
and the crucible for graphite maintenance are enlarged, and it has been 
a serious problem today. 

[0006] It is invention made in order that this invention might solve the 
above-mentioned technical problem, and aims at both offering the 
improved graphite crucible which can prevent contamination according 
to carbon powder as if loading of quartz glass is easy. 
[0007] 

[Means for Solving the Problem] According to this invention, it has at 
least the quartz crucible which holds silicon melt, and a graphite crucible 
holding this quartz crucible. In the silicon wafer crystal-pulling 
equipment which dips silicon seed crystal in the silicon melt in a quartz 
crucible, and pulls up a desired single crystal In case it loads with a 
quartz crucible into said graphite crucible, the silicon wafer crystal- 
pulling equipment with which penetration opening for missing the gas 
which exists in the opening field between both crucibles is characterized 
by being prepared in at least one pars basilaris ossis occipitalis of said 
graphite crucible is offered. 

[0008] This invention is the description on a configuration of the point of 
preparing penetration opening for missing caudad the gas which exists in 
the opening field between both crucibles in the case of quartz crucible 
loading in one or more partes basilaris ossis occipitalis of a graphite 
crucible, in the silicon wafer crystal-pulling equipment equipped with the 
quartz crucible and the graphite crucible for quartz crucible maintenance 
by the so-called Czochrlski method. Since the refuge which misses the 
gas which exists in the gap of a quartz crucible and a graphite crucible 
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with conventional equipment had only the gap section of both crucibles 
as already stated, gas was compressed at the time of quartz crucible 
loading, it accompanied to the blowdown and the gas by which graphite 
powder blows off at this time, the this compressed gas soared from the 
up clearance between both crucibles, and the inconvenience of polluting 
a perimeter had produced it. 

[0009] a lower part turning the gas which contained graphite powder for 
this, and missing it from the pars basilaris ossis occipitalis of a graphite 
crucible, — the upper part from the crucible upper part — or compared 
with the case where it misses in the direction of an outside, extent of 
the melting silicon contamination in a quartz crucible is made remarkable 
from a side face — it can decrease. Especially, in the case of a large- 
sized quartz crucible and the crucible for graphite maintenance, the 
effectiveness shows up notably. That is, since a lower part turns the gas 
containing graphite powder and it is missed from the pars basilaris ossis 
occipitalis of a graphite crucible, graphite powder will float in the interior 
lower part of equipment. In order that the amount of floating of dust, 
such as graphite powder which floats in gas, may decrease exponentially 
depending on the height, in the case of a large-sized crucible with high 
height, compared with the case where it misses from the upper part or 
the side, the graphite powder which floats in the upper part of a crucible 
decreases in number remarkably, and the graphite powder which 
trespasses upon the interior of a crucible decreases in number 
remarkably. 

[0010] Although this invention is easy invention on the configuration of 
preparing the hole for deflation in the pars basilaris ossis occipitalis of a 
graphite crucible What prepares opening in the up side attachment wall 
in order to utilize the radiant heat from a heater for the conventional 
well-known graphite crucible (JP.4-1 2085.A), In order to prevent that 
the metals accumulated in the bend inner surface side of a graphite 
crucible use together to the silicon single crystal immediately after 
silicon melt and coagulation, Even if there are some (JP,5-208890,A) 
which prepare opening in the side attachment wall, the graphite crucible 
which prepared opening for deflation in the pars basilaris ossis occipitalis 
is not known before this invention application, as far as this invention 
person gets to know. Moreover, what prepared the striation in the 
crucible of above-mentioned this invention perpendicularly towards the 
upper part further at the crucible inside side attachment wall from the 
pars basilaris ossis occipitalis as shown in drawin g 3 becomes [ the 
deflation at the time of quartz crucible loading ] more smooth and is 
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suitable. Furthermore, if loading to the graphite crucible of said quartz 
crucible is performed to the bottom of reduced pressure, non-polluted 
loading can be carried out much more effectively. 
[0011] 

[Embodiment of the Invention] As a graphite crucible used for the silicon 
wafer crystal-pulling equipment of this invention, except that the 
deflation hole at the time of quartz crucible loading is prepared in this 
crucible pars basilaris ossis occipitalis, the thing of the same size as a 
well-known graphite crucible, a configuration, and structure can be used. 
As crucible size, the aperture of 1 2 inches or more used for a pull-up of 
a single crystal ingot with a diameter of 4 inches or more, since the 
effectiveness which a thing with an aperture of 24 inches or more more 
preferably used for an ingot pull-up of 12 inches or more makes the 
object of this invention shows up notably, it is suitable. 
[0012] The graphite crucible and quartz crucible which are used for the 
silicon wafer crystal-pulling equipment of this invention are explained to 
a detail based on drawing 1 and drawing 2 . although the number and 
aperture are set up and it is suitably set up depending on the size of a 
graphite crucible 3 so that gas can discharge smoothly at the time of 
quartz crucible 2 loading as the penetration opening 4 prepared in the 
crucible pars basilaris ossis occipitalis which are the requirements for an 
indispensable configuration of the graphite crucible 3 of this invention is 
shown in drawin g 1 — usually — the diameter of 5mm or less — 
desirable — a diameter 2 thru/or a 5mm breakthrough — ten or less 
pieces — more — desirable — 1 — or five pieces are prepared. The 
mechanical strength of a graphite crucible 3 is maintained to some 
extent above, in order to make an usable strength provide repeatedly, if 
possible, the aperture of the penetration opening 4 has if possible little 
small ** and its number, and it is desirable to set it as the need 
minimum which gas can discharge smoothly from the pars basilaris ossis 
occipitalis of a graphite crucible 3 at the time of loading of the quartz 
crucible 2. 

[0013] When the penetration opening 4 prepared in a crucible pars 
basilaris ossis occipitalis is plurality, the arrangement may be arranged 
at random and may be arranged in the shape of a concentric circle from 
a pars-basilaris-ossis-occipitalis core. As for the arrangement location 
of the penetration opening 4, in this invention, it is [ from / when holding 
the mechanical strength ] desirable to arrange near the crucible bottom 
core where only simple compression stress works and the stress 
component of other directions does not act. 
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[0014] It becomes [ in addition to the penetration opening 4 of the 
above-mentioned crucible pars basilaris ossis occipitalis in the graphite 
crucible 3 of this invention, / ** which forms a striation 5 
perpendicularly towards the upper part on a crucible inside side 
attachment wall from a pars basilaris ossis occipitalis as shown further 
at drawin g 3 is also good, and / what formed penetration opening and 
****** 5 j n the such graphite crucible 3 ] more smooth [ the deflation 
at the time of quartz crucible loading ] and is suitable. Although the 
number of this fluting 5 prepared in the side face of a graphite crucible 
3, size, a configuration, etc. can be set as arbitration in the limit which 
reduces the mechanical strength of a graphite crucible 3 greatly, and is 
not, as arrangement of a fluting 5, it is desirable to a crucible medial axis 
two or more, 2 [ for example, ], thru/or to prepare four in an object, and 
a semicircle thru/or the half-ellipse form of a tooth depth are [ 2mm 
thru/or about 4mm, and a configuration ] desirable. 
[0015] Although usually carried out by ordinary pressure to the bottom 
of inert gas ambient atmospheres, such as an argon, to the graphite 
crucible of the quartz crucible 2 in which polycrystalline silicon was held 
using a crucible gun charger with loading of 3 well-known in itself on the 
occasion of operation of the silicon wafer crystal-pulling equipment of 
this invention, if this quartz crucible 2 loading is performed to the 
bottom of reduced pressure using the crucible gun charger in which the 
actuation for example, under reduced pressure is possible, non-polluted 
loading can be carried out much more effectively. 
[0016] 

[Example] In the equipment for an example 1 and "example 1 of 
comparison" 300mmphi silicon single crystal raising The graphite 
crucible for quartz crucible maintenance which arranged the 
breakthrough of 2mmphi in the 30 inch phi quartz crucible (the outer 
diameter of 760mm, weight of about 40kg), and the pars basilaris ossis 
occipitalis as shown in four pieces and drawin g 2 (the bore of 761mm, 
weight of about 1 00kg: example 1 ), Except that there was no 
breakthrough in a crucible pars basilaris ossis occipitalis, the graphite 
crucible (example 1 of a comparison) of same size isomorphism was 
completely prepared with the graphite crucible (example 1) of this 
invention, respectively. 

[0017] The graphite crucible (example 1) of an incubation member, a 
heater, and above-mentioned this invention was first set in the pull-up 
chamber, subsequently to a graphite crucible (example 1) the insertion 
set of the quartz crucible was carried out, and observation assessment 
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of the loading ease at this time and the scattering condition of graphite 
powder was carried out (example 1 ). Next, the conventional graphite 
crucible (example 1 of a comparison) which changes to the graphite 
crucible of this invention and does not have penetration opening at the 
pars basilaris ossis occipitalis was set, subsequently the insertion set of 
the quartz crucible was carried out like the above, and observation 
assessment of the loading ease at this time and the scattering condition 
of graphite powder was carried out similarly (example 1 of a comparison). 

[0018] When inserting a quartz crucible, the gas in a graphite crucible 
was compressed, loading this graphite crucible with a quartz crucible 
smoothly according to the elastic repulsive force of this compressed gas 
was barred, and at this time, graphite powder dispersed in the blowdown 
with gas from the up clearance between both crucibles, this dispersed 
around, and the perimeter was polluted with the conventional graphite 
crucible (example 1 of a comparison). On the other hand, in the case of 
the graphite crucible of this invention (example 1), in order that gas may 
fall out from the pore of a pars basilaris ossis occipitalis smoothly, a 
quartz crucible sinks smoothly, there is [ the insertion set was not only 
made easily, but ] almost no blowdown from the upper part of gas, 
therefore most surrounding contamination was not accepted. 
[0019] Next, in order to carry out comparative evaluation of 
contamination extent in a quartz crucible, the example 1 and the 
example 1 of a comparison put the pure 5 inch phi silicon wafer on the 
internal pars basilaris ossis occipitalis of a quartz crucible, the wafers in 
a crucible were collected after quartz crucible loading, respectively, the 
number of particle which adhered to the wafer, respectively was 
measured, and comparative evaluation of extent of contamination was 
carried out. The result is shown in a table 1. Moreover, when the particle 
adhering to each wafer was collected and analyzed, carbon was detected 
at 50% or more of a rate by the wafer adhesion particle in the example 1 
of a comparison. On the other hand, in the case of the example 1 , most 
carbon was not detected. The result is shown in a table 1 . In addition, 
the number from which the path made the thing 0.2 micrometers or 
more the measuring object, and the number of particle before and behind 
a quartz crucible set increased the measured particle was counted. 
[0020] 
[A table 1] 
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[0021] 300mmphi silicon single crystal was pulled up from the quartz 
crucible which put in melting silicon on the following conditions using the 
graphite crucible of this invention used in the example 2 and the 
"example 2 of comparison" example 1 , and the conventional graphite 
crucible of the example 1 of a comparison, respectively (an example 2, 
example 2 of a comparison). The raising conditions at this time are as 
follows. 

amount of charges (amount of silicon loading to quartz crucible): — 
furnace internal pressure: — Ar gas ambient atmosphere — raising was 
carried out 10 times each about each graphite crucible 30 to 100 Torr, 
and the rate of a defective of the obtained ingot was inspected. About 
180kg Raising crystal: <100> Raising rate: 0.3 - 0.8 mm/min Crystal 
revolution (rotational frequency of quartz crucible): 8 - 1 5rpm The result 
is shown in a table 2. 
[0022] 

[A table 2] . 





(96) 


mm 


mum 2 


80 Rh 




*mm2 


40-60 


momm-c* i±tajHi=7A&*i£*c 



[0023] The owner rearrangement-ized phenomenon by adhesion of a 
foreign matter was conventionally seen notably by the ****** case [ in 
the middle of a pull-up ] by the elegance crucible (example 2 of a 
comparison). In almost all cases, carbon was detected when this affix 
was extracted and analyzed (a foreign matter is presumed to be SiC). 
On the other hand, in the case of this invention article (example 2), also 
when adhesion of a foreign matter was hardly seen but a defective was 
generated, it was what most depends on other causes. 
[0024] Moreover, the wafer was cut down from the tail of the silicon 
crystal ingot pulled up (three logging from each ingot as samples a, b, c, 
A, B, and C), and carbon concentration was measured with the infrared- 
absorption-spectrum measuring method. Consequently, in the case of an 
elegance crucible, it is 1017 atoms/cm3 conventionally. The carbon of 
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level was detected. On the other hand, in the case of this invention 
article, it is 1016 atoms/cm3. It was the following. The result is shown in 
a table 3. 



[0025] 
A table 3] 











a 


< 5 X lO^atorns/cm 3 

^» \J « 1U ^111 


b 


< 5 x 10 15 atoms/cm 3 


c 


8.1 x 10 15 atoms/cm 3 


atmt2 


A 


22 x 10 17 atoms/cm 3 


B 


6.5 x 10 16 atoms/cm 3 


C 


1.2 x 10 17 atoms/cm 3 



[0026] 

[Effect of the Invention] Since the silicon wafer crystal-pulling 
equipment of this invention is what has a specific configuration as the 
graphite crucible mentioned above, it does so the effectiveness that 
loading to the graphite crucible of a quartz crucible is easy. Moreover, 
contamination by the carbon powder of quartz crucible contents is 
avoided, and it has the advantage of the rate of a defective of the silicon 
single crystal ingot obtained as compared with the equipment which 
used the conventional graphite crucible being improved notably, and is 
especially useful to the diameter silicon single crystal pull-up of 
macrostomia with a diameter of 300mm or more. 



[Translation done.] 
* NOTICES * 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawin g 1 is cross-section schematic drawing of the 
graphite crucible for support used with the silicon single crystal raising 
equipment of this invention. 

[Drawin g 2] Drawin g 2 is cross-section schematic drawing of the 
graphite crucible for support used with conventional silicon single crystal 
raising equipment. 

[Drawin g 3] Drawin g 3 is a partly sectional fragmentary schematic 
illustration of the graphite crucible in which ****** for deflation was 
prepared further used with the silicon single crystal raising equipment of 
this invention. 

[Drawing 4] It is a schematic diagram for explaining the crystal-pulling 
equipment used with the Czochrlski method. 
[Description of Notations] 

1 Body of Crystal-Pulling Equipment 

2 Quartz Crucible 

3 Graphite Crucible 

4 Penetration Opening 

5 Striation 

6 Heater 

7 Heat Insulator 

8 Silicon Melt 

9 Pull-up Means 

1 0 Seed Crystal 

1 1 Inert Gas 

12 Revolution Means 
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DRAWINGS 



[Drawin g 1] 




|D rawing 2] 




[Drawing 3] 




file://C:¥Documents%20and%20Settings¥kougo.j¥My%20Documents¥JPOEn¥JP-A... 2004/04/02 



JP-A-H11-171685 



15/15 >? 



[Translation done.] 



file://C:¥Documents%20and%20Settings¥kougo.j¥My%20Documents¥JPOEn¥JP-A... 2004/04/02 



